The mobilities of some of the alkali ions have been measured in binary mixtures of the inert gases. Blanc's relation that the reciprocal of the mobility is a linear function of the concentration of one of the constituents is accurately obeyed in all cases except for Li+ in He-Xe mixtures, where the maximum deviation is 4 %.
The first measurements of the mobility of ions in mixed gases were made by Blanc (1908) with mixtures of carbon dioxide and air, and carbon dioxide and hydrogen. He found in each case th at the reciprocal of the mobility was a linear function of the concentration of the constituents for both positive and negative ions. Similar experiments by Przibram (1912) , Wellish (1909) , Loeb and collaborators (1928) with various mixtures showed that in some cases the reciprocal relation held whilst in others it did not. This earlier work, in which the ions were loaded with clusters of impurity molecules, does not provide an entirely satisfactory test of this relation or of any of the others proposed owing to the uncertainty in the nature of these clusters. In this paper the problem is re-examined at 20° C using (a) alkali ions and pure inert gases in which no clusters are formed on the ions and (b) clustered alkali ions in mixtures of an inert gas and water vapour in all proportions.
I n e r t g a s m i x t u r e s
Blanc's relation would appear to follow directly from momentum con siderations if (a) the ratio of the field E to the pressure p is small, (b) p is sufficiently low that the effect of three-body collisions may be neglected and (c) the nature of the ion does not change with gas composition. Conditions (a) and (6) were satisfied in all the experiments described herein. With regard [ 192 ] to (c) the experiments of Munson and Hoselitz (1939) on i°ns in pure inert gases show th a t above a given critical temperature no attachm ent of gas atoms to an alkali ion takes place. Reference must however be made to the results of Loeb and his collaborators for ions in hydrogen mixed with various polar gases (Loeb 1926 (Loeb , 1928 in which a marked divergence from Blanc's relation was found. Taking ammonia in hydrogen as an example, Loeb suggested th a t the divergence from the relation was due to the high dielectric constant of ammonia which gives rise to a local concentration of ammonia molecules in the neighbourhood of the ion, so th a t the measured mobility corresponds to th a t for an ammonia concentration greater than the average. But Langevin treated the case of an ion moving in a gas, the molecules of which acquire induced dipoles in the field of the ion and showed th a t the mobility is inversely proportional to the pressure of the gas, in agreement with experiment. In other words, this effect is already allowed for. One would not expect th a t this conclusion would be upset by the presence of another gas relatively unpolarizable unless condition (6) is violated. Consequently in the case of mixtures of the inert gases the mobilities should obey Blanc's relation.
Experiments were made with Li+ and K + ions in A-Xe mixtures and Cs+ and Li+ ions in He-Xe mixtures. The apparatus and experimental methods of P art I (Munson and Tyndall 1939) were employed and the mobilities measured over a considerable range of fields and pressures. This paper, however, only deals with those at low values of E/p. p ranged from 3 to 12 mm., so th at the mean intramolecular distance was of the order of 102 atomic radii.
The results are shown in figures 1 and 2. I t will be seen th a t the linear relation holds quite accurately in three of the four graphs, the only exception being a small deviation in the case of Li+ in He-Xe. In this case a graph drawn through the experimental points would have a small curvature so th at a t intermediate concentrations it would be slightly above the theoretical straight line shown in the figure. The deviation is of the order of 4 % a t 20 % Xe, which we regard as beyond the limits of experimental error. The reason for the deviation in this one case is not clear. I t has previously been shown that even a t room temperature a Li+ ion can unite with two Xe atoms to form a stable molecular ion so th at two groups of ions, one clustered and the other unclustered, appear in the mobility analysis; but as it was always possible to distinguish between the two groups the values for the monatomic Li+ ions are not affected. An experimental argument against the view that the deviation is due to a local concentration of the more highly polarizable Xe atoms in the neighbourhood of the ion is th at the deviation is not shown in the case of the more slowly moving ion Cs+. I t might alter natively be suggested that Li+ spends a fraction of its life attached to a Xe atom, but this is not borne out by the fact th at in pure xenon its mobility in common with the other alkalis is given by the mass relationship ka( 1 + where m is the mass of the gas atom and M the mass of the alkali atom. percentage Xenon
W ater vapotjr-in e r t gas m ixtu res
The experimental technique detailed in P art I (Munson and Tyndall 1939) was followed in these experiments. By making measurements in each mixture over a wide range of values of and extrapolating to = 0 the mobility of an ion was deduced under conditions in which its attached cluster of water molecules was in thermodynamical equilibrium with its surroundings. All the mobility data given below refer to clustered ions in this state. The total pressures of the mixtures which were used ranged between about 2 and 7 mm.
An extensive series of measurements was made with the clustered ions of lithium and figure 3 shows the results obtained with binary mixtures of water vapour with helium, argon, krypton and xenon. The reciprocal of mobility is plotted against percentage of water vapour and a smooth curve drawn through the experimental points for each gas. The points at low percentages and a t 100 % were taken from the data given in Parts I and I I I (Munson 1939) of this paper. I t should be emphasized th a t no attem pt has been made in figure 3 to represent the rise in mobility which must occur a t extremely low concentrations of water as the percentage tends to zero and the ion becomes unclustered.
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percentage water F io ube 3 I t will be seen th at in H 20 -He mixtures Blanc's relation is accurately obeyed, but th at in mixtures with the other gases the deviations are con siderable and increase progressively through the series. The observed mobility is less than that calculated from the reciprocal law, the difference reaching a maximum in each case at about 30 % H 20 , where for A it is 4 %, for K r 7 % and for Xe 9 %. Some measurements were also made with the clustered ions of caesium in mixtures of water vapour with helium and with argon. The results for the He mixtures are shown in figure 4 , the point at 100 % H 20 being omitted in order to illustrate more effectively the deviation from Blanc's relation at small percentages. For the purpose of comparison the graph for lithium is also included. The results for the argon water mixtures are given in figure 5 the curve for the Li+ cluster being included for the same reason.
In all cases in which a deviation from Blanc's relation is observed it is similar in character to that found by Loeb and his collaborators with polar molecules in hydrogen. Though Langevin's treatm ent of mobility does not consider the case of permanent dipoles, we are not convinced th at any change in the law of force between an ion and a gas atom which permanent dipoles would require is able to explain these deviations. We turn, therefore, to an explanation in terms of actual attachment.
percentage water F igure 4
Consider an alkali ion in an inert gas containing a small amount of water vapour. In the equilibrium state the average number of water molecules attached to the ion will depend on the concentrations of both water vapour and inert gas. The mean size of the cluster will increase when the concentra tion of water is increased; but also, since the bombardment of the cluster by inert gas atoms tends only towards its disintegration, a decrease in the concentration of the inert gas will have a similar effect on the cluster size. If the total pressure of the mixture is kept constant, as was approximately true in these experiments, the equilibrium size of the cluster will increase as the percentage of water vapour is raised, qualitative considerations suggesting th at the growth will be rapid until a monomolecular shell has formed around the ion. Any water molecule in a second layer would have a comparatively short life of attachm ent owing to the much smaller energy which would be necessary to detach it from the cluster. B ut as the water vapour pressure is further increased the frequency of these brief attachm ents will increase and since their effect will be equivalent to an increase in the mean size of the cluster, it may be anticipated th a t the early rapid growth will be followed by a further and much slower growth until finally the
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percentage water F igure 5 medium consists entirely of water vapour. I t is clear th at the initial growth rate will depend on the binding energy of the ion and water molecule and will therefore be much more rapid with a small ion like Li+ than with a large ion like Cs+. In view of these changes in the mass and size of the ion with change in water vapour concentration it is not to be expected in general th at Blanc's relation should hold.
In figure 6 let the point A represent the observed mobility of a clustered Vol. 177. A.
ion in an inert gas containing a small trace of water vapour and the point B that in pure water vapour. If the average number of molecules in the cluster at A is % and at Bi s n2 then the mobilities of clust stant water contents of nx and n2 molecules will be represented by two straight lines ^4^4' and B B '. If the cluster grows between and B in the manner outlined above we may expect the experimental graph to be of the form shown by the full line.
percentage water
Returning to figure 3 it will be observed th a t in the case of Xe the experimental points at the higher water percentages lie approximately on a straight line and that the whole graph is similar in form to the curve in figure 6 . On the assumption th at the number of molecules in the cluster is constant at these higher percentages the point corresponding to B ' in figure 6 can be obtained by extrapolation of this straight section to zero concentration as indicated by the dotted line in figure 3 . From this value of 0*84 for the mobility one can deduce an upper limit to the mass of the cluster by the method described in P art I of this paper. The value obtained corresponds to a cluster of 14 water molecules round the Li+ ion. For such a large ion, However, the simple mass relationship &a(l + does not hold and the magnitude of the deviation varies rapidly with the ' diameter ' of the ion. W ithout any knowledge of the change in the effective crosssection of the ion with change in the number of water molecules attached to it any estimation of the number from the observed mobility must therefore be regarded as highly speculative and the most one can say is th a t it is almost certainly less than 10 for Li+.
The results on mixtures of water vapour with krypton and argon are still less open to quantitative treatm ent but are not in disagreement with this conclusion.
The graphs in figure 3 appear to show th at the changes in the mass and size of the ion as the water vapour concentration in the mixture is increased have a negligible effect in helium in which Blanc's relation holds, but th a t their effect increases with increase in mass of the gas atom. This would follow from the form of the mass factor if the main effect of further loading was due to the consequent increase in the mass of the ion. But in view of the accompanying changes in size it is doubtful whether this furnishes a full explanation.
Finally the graphs in figures 4 and 5 give support to the view expressed above regarding the influence of the size of an ion upon the growth of its equilibrium cluster with small and increasing percentages of water. In the case of helium water vapour mixtures the graph for the Cs+ cluster is curved below 16 % H 20 but above this point is sensibly straight. The interesting feature of this curve is th at it crosses the graph for the Li+ cluster at about 5 % H 20 , whereas the straight line through the points at the higher per centages does not. This suggests that the Cs+ cluster is still growing appre ciably long after the Li+ cluster has practically ceased to grow. The results for the argon water vapour mixtures are not so convincing, since the graphs for both clustered ions are curved at low percentages, but the extent of the curvature is slightly greater for caesium than for lithium.
